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TOOL FOR PERFORMING END-TO-END ANASTOMOSIS 

Jaime S. Vargas 



FIELD OF THE INVENTION 

The present invention relates generally to anastomosis, and more particularly to a 
tool for performing end-to-end anastomosis. 

BACKGROUND 

End-to-end anastomosis is a surgical procedure for connecting an end of one 
hollow tissue structure to an end of another hollow tissue structure, such that the spaces 
within each hollow tissue structure are connected. End-to-end anastomosis is commonly 
performed in a microvascular context. Microvascular anastomosis is performed between 
ends of blood vessels in the course of, for example, reattaching severed body parts and/or 
transplanting organs. The blood vessels connected together often have different 
diameters, both of which are very small, on the order of one millimeter. Microvascular 
anastomosis is often performed by hand under a microscope, and is tedious and 
painstaking work. As a result, it can take many hours to complete just the microvascular 
anastomosis required to reconnect a severed body part or transplant an organ. 

One attempt to provide a mechanism for performing such a microvascular 
anastomosis is the Microvascular Anastomotic Coupler System from Bio-Vascular, Inc. 
In this mechanism, an end of each vessel to be connected is everted over a ring with a 
forceps or similar instrument. Each ring includes a number of pins over which the vessel 
is everted. The rings are then pressed together, such that the pins on each ring enter 
recesses in the other ring, connecting the rings and holding the ends of the vessels 
together. However, this system is limited to use with two blood vessels having 
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substantially the same diameter. Further, manual eversion of a blood vessel having a 
diameter on the order of one millimeter is difficult and painstaking, particularly when the 
eversion is to be substantially even around the circumference of the ring. Further, the 
rings provide a noncompliant anastomosis between the two vessels. 

SUMMARY 

An anastomosis tool is used to connect two tissue structures end-to-end. 

In one aspect of the invention, an end of a tissue structure is sized to a known 
interface dimension with a tissue preparation device. The tissue preparation device may 
include a pin and a measuring feature relative to the pin. The measuring feature is 
configured to measure the interface dimension. A tissue structure is moved relative to the 
pin until the measuring feature maps the interface dimension onto a cross-section of the 
tissue structure. The tissue structure is then held in place while two or more cuts are 
made in it to create at least two flaps at its end. 

In another aspect of the invention, a clamp holds each tissue structure. A tissue 
preparation device may be integrated with each clamp. The clamps are moveable relative 
to one another in order to bring the flaps of one tissue structure in contact with the flaps 
of the other tissue structure. At least one clamp includes at least one connector deployer. 
Additionally, at least one clamp may include a connector receiver corresponding to a 
connector deployer on another clamp. 

In another aspect of the invention, the flaps on each tissue structure are held by 
one or more clips. The clip or clips may be provided as a component of each clamp, or 
may be separate structures or mechanisms detachable from the clamps. By holding the 
flaps in a predetermined position, the flaps on different tissue structures can be brought 
together in a configuration suitable for connecting them together. 
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In another aspect of the invention, at least one clamp is movable relative to a jig. 
The jig guides the clamps together such that the flaps of one tissue structure are registered 
against the corresponding flaps of the other tissue structure. The jig may include one or 
more rails along which at least one clamp is configured to slide. 

In another aspect of the invention, each flap of one tissue structure is connected to 
a corresponding flap on the other corresponding tissue structure with at least one 
connector. These connectors may be staples or other fasteners. The connectors are 
spaced apart from one another a distance comparable to the distance between stitches in a 
sutured anastomosis. By using a number of spaced-apart connectors such as staples, the 
anastomosis is compliant. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of two tissue structures to be connected to one 
another. 

FIG. 2 is a schematic view of one configuration of a tissue preparation device. 
FIG. 3 is a schematic view of another configuration of a tissue preparation device. 
FIG. 4 is a schematic view of the tissue preparation device of FIG. 3 as used to 
map the interface length onto the end of a tissue structure. 
FIG. 5 is a perspective view of an anastomosis tool. 

FIG. 6 is a side view of a clamping lever used as a component of the anastomosis 

tool. 

FIG. 7 is a top, partially cut-away view of the anastomosis tool of FIG. 6. 
FIG. 8 is a perspective view of a completed end-to-end anastomosis. 
The use of the same reference symbols in different figures indicates similar or 
identical items. 
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DETAILED DESCRIPTION 

Referring to FIG. 1, a first tissue structure 2 and a second tissue structure 4 are to 
be connected to one another. The tissue structures 2, 4 are hollow structures each having 
5 an end in proximity to an end of the other. The tissue structures 2, 4 may be blood 

vessels, ducts or other tubular structures. For example, these tissue structures 2, 4 may be 
small blood vessels on the order of one millimeter in diameter, such that the connection 
between them may be categorized as microvascular anastomosis. Such microvascular 
anastomosis may be used to connect tissue structures 2, 4 in the course of a transplant 
10 procedure, the reattachment of a severed limb or bodily part, or in other contexts. 

The first tissue structure 2 may have a different diameter than the second tissue 
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m structure 4. Where an organ is being transplanted, the first tissue structure 2 and the 

111 second tissue structure 4 may have different diameters because each is from a different 

a 

D individual or from a different part of the same individual, or because a portion of a 

rw 

W 15 previous unitary tissue structure was destroyed or damaged. In order to connect tissue 
structures 2, 4 having different diameters, an interface length 6 is defined and mapped 
onto the end of each tissue structure 2, 4. The process of determining a cross-section of 
the tissue structure 2, 4 that has a width substantially equal to the interface length 6 may 
be referred to as mapping the interface length 6 onto the tissue structure 2, 4. The 
20 interface length 6 is defined along an angle to the centerline of each tissue structure 2, 4. 
The angle at which the end of each tissue structure 2, 4 is cut may be different in order to 
produce the same interface length 6 at the end of each tissue structure. The end of each 
tissue structure 2, 4 is cut along that angle, such that the end of each tissue structure 2, 4 
defines a plane relative to its centerline. The diameter of the lumen of each tissue 
25 structure 2, 4 as measured in that plane is substantially the same. The tissue structures 2, 
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4 may be flattened while the interface length 6 is mapped onto them, such that the 
flattened tissue structures 2, 4 are each cut to the interface length 6. The resulting 
diameter of each tissue structure 2, 4 after returning to its normal, non-flattened state is 
thus substantially the same, and is slightly less than the interface length 6. 

After anastomosis, the centerline of the first tissue structure 2 may be angled 
relative to the centerline of the second tissue structure 4, because the angle cut at the end 
of each tissue structure 2, 4 may be different. Advantageously, the interface length 6 is 
selected to be greater than the expected diameter of either tissue structure 2, 4, such that 
the end of each tissue structure 2, 4 is cut at an angle to its centerline in order to increase 
the surface area of the flaps 8. However, the interface length 6 instead may be selected to 
be closer to the expected diameter of either tissue structure 2, 4. 

Referring to FIG. 2, the end of each tissue structure 2, 4 is cut to a width 
substantially equal to the interface length 6 using a tissue preparation device 12. The 
tissue preparation device 12 may be integrated into a deployment tool, as described 
below, or may be an independent mechanism. The tissue preparation device 12 includes a 
pin 14 extending outward from a surface 18. Alternately, a structure other than a pin 14 
could be used. The tissue preparation device 12 also includes a measuring feature 16 
spaced apart from the pin 14 a distance substantially equal to the interface length 6. 
Referring to FIG. 2, the measuring feature 16 is another pin. Referring to FIG. 3, the 
measuring feature 16 is a visually-perceptible feature on the surface 18. The visually 
perceptible feature may be a colored strip, a set of ruled lines, or any other visible feature 
on the surface 18. The visually perceptible feature may be defined on, attached to or 
otherwise placed on the surface 18. The measuring feature 16 may be any other structure 
or mechanism useful in measuring the width of a tissue structure 2, 4. 

Referring to FIG. 4, a tissue structure 2, 4 is measured using the tissue preparation 



Dkt. No. 109 

device 12 of FIG. 2. The tissue structure 2, 4 is placed between the pin 14 and the 
measuring feature 16, using a forceps or other tool, or by hand. The tissue structure 2, 4 
is then moved relative to both the pin 14 and the measuring feature 16 such that, as 
viewed from the top, one side of the tissue structure 2, 4 contacts the pin 14 and the 
5 opposite side of the tissue structure 2, 4 contacts the measuring feature 16. The distance 
between these two points of contact is substantially equal to the interface length 6. The 
interface length 6 is potentially a greater distance than the width of the tissue structure 2, 
4. Thus, the tissue structure 2, 4 is moved to an angle to an imaginary line connecting the 
pin 14 and the measuring feature 16, such that adequate tissue is present between the pin 
10 14 and the measuring feature 16 to allow the interface length 6 to be mapped onto that 
J| tissue structure 2, 4. 

Referring to FIG. 5, an anastomosis tool 30 for performing end-to-end 
anastomosis is shown. The anastomosis tool 30 includes two clamps 20. Each clamp 20 
includes a first arm 22 and a second arm 24. The first arm 22 has a distal end 26, and the 
15 second arm 24 has a distal end 28. The first arm 22 and the second arm 24 are both 

configured to rotate from an open position, in which the distal end 26 of the first arm 22 
is spaced apart from the distal end 28 of the second arm 24, to a closed position, in which 
the distal end 26 of the first arm 22 is in proximity to the distal end 28 of the second arm 
24. In the closed position, the first arm 22 and second arm 24 hold a flattened tissue 
20 structure 2, 4 between them, such that the first arm 22 is separated from the second arm 
24 by the thickness of the flattened tissue structure 2, 4. Alternately, the first arm 22 and 
the second arm 24 are movable relative to one another in any manner as long as the first 
arm 22 and the second arm 24 are capable of motion between an open position and a 
closed position. For example, the first arm 22 and the second arm 24 may slide together 
25 to a closed position from an open position. 
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When in the open position, the clamp 20 is capable of receiving a tissue structure 
2, 4 between the first arm 22 and the second arm 24. The tissue preparation device 12 
described above is positioned on the surface of the first arm 22 that faces the second arm 
24, or on the surface of the second arm 24 that faces the first arm 24. Thus, the pin 14 
5 and the measuring feature 16 are provided on a surface of one of the arms 22, 24, and 
recess (not shown) corresponding to the pin 14 is provided on the corresponding surface 
of the other arm 22, 24, such that the arms 22, 24 can close. Where the measuring feature 
16 is a pin, a recess corresponding to that pin is provided in the corresponding surface of 
the other arm 22, 24 as well. Thus, after the interface length 6 has been mapped onto the 
q 10 tissue structure 2, 4, the clamp 20 can be closed, trapping and firmly holding the tissue 
S3 structure 2, 4 between the first arm 22 and the second arm 24. Advantageously, each 

111 clamp 20 holds a tissue structure 2, 4 between its arms 22, 24 without penetrating the 

g S I 

W tissue structure 2, 4 in whole or in part. Instead, each clamp 20 holds a tissue structure 2, 

4 by gripping it between its arms 22, 24. In this way, the tissue structure 2, 4 is not 
m 15 damaged by the clamps 20, and any leakage that may result from penetration of the tissue 
f|| structures 2, 4 is avoided. However, one or more of the clamps 20 may penetrate a tissue 

structure 2, 4 in order to hold it in place. Alternately, the tissue preparation device 12 is 
independent from the clamp 20. If so, the ends of the tissue structures 2, 4 are cut and 
flaps formed in them using an independent tissue preparation device 12, after which a 
20 user moves the ends of the tissue structures 2, 4 into clamps 20 using a forceps or other 
tool, or by hand. 

Referring also to FIG. 1, after the interface length 6 has been mapped onto the 
tissue structure 2, 4 and the clamp 20 is closed, flaps 8 are cut in the end of the tissue 
structure 2, 4. A scissors, scalpel or other tool may be used to do so. Advantageously, 
25 two cuts are made in the walls of the tissue structure 2, 4, resulting in two flaps 8. The 
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two cuts are made substantially one hundred and eighty degrees apart with regard to the 
circumference of the tissue structure, such that the flaps 8 flank the end of the lumen 10 
of the tissue structure 2, 4. More cuts may be made if desired, thereby resulting in more 
flaps. 

5 A tissue clip 32 is attached to each arm 22, 24 of each clamp 20. One edge of 

each clip 32 is attached to the surface of the corresponding arm 22, 24, and another edge 
of each clip 32 is free to move relative to the surface of the arm 22, 24 to allow the clip 32 
to move between an open position and a closed position. Each clip 32 may include a 
number of teeth 34 or other gripping features at its free edge, to better grip a flap 8 of the 
10 tissue structure 2, 4 between the clip 32 and the corresponding arm 22, 24. Each clip 32 
is initially in an open position in order to receive the corresponding flap 8. After the flaps 
8 have been created by cutting the tissue structures 2, 4, each flap 8 is pulled relative to an 
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Iff arm 22, 24 of a clamp 20 such that a portion of the flap 8 extends into a space between a 
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Q clip 32 and a surface of the arm 22, 24. A forceps or other tool may be used to move the 

fi I 

W 15 flap 8. Once a portion of a flap 8 is moved into the space between a clip 32 and its 

corresponding arm 22, 24, the clip 32 is closed. The clip 32 includes one or more features 
for providing firm engagement between the free end of the clip 32 and the associated arm 
22, 24 in the closed position. For example, the edge of each clip 32 that is connected to a 
corresponding arm 22, 24 may include a cam, lock, or other feature that engages a 
20 corresponding feature in the arm 22, 24 to hold the clip 32 closed. For example, the clips 
32 may lock into place in the same or similar manner as the clamping levers 44 described 
below. In this way, each flap 8 is held securely against an arm 22, 24 by a clip 32. 
Advantageously, the clips 32 hold the corresponding flaps 8 under tension, such that a 
portion of each flap 8 is held substantially flat against a contact surface 37 of each arm 
25 22, 24. The contact surface 37 of each arm 22, 24 is the surface that faces the 
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corresponding arm 22, 24 of the other clamp 20. Alternately, one or more clips 32 are 
detachable from the clamp 20. At least one of the clips 32 may be configured to hold 
more than one flap 8 at a time. Such a clip 32 may be a U-shaped or C-shaped clip that 
extends across at least a portion of both arms 22, 24 of the clamp 20. 
5 At least one clamp 20 is moveable relative to a jig 36, which is a component of the 

anastomosis tool 30. The jig 36 includes a frame 40 and two rails 38, where each rail 38 
is attached at each end to the frame 40. The rails 38 are fixed to the frame 40. 
Alternately, the rails 38 may be moveable relative to the frame 40. The rails 38 are 
substantially cylindrical rods. Alternately, one or more of the rails 38 may be shaped 

10 differently. Each arm 22, 24 of each clamp 20 includes a passage defined therethrough, 
through which one of the rails 38 passes. The first arm 22 rotates relative to the 
centerline of that rail 38, thereby rotating relative to the second arm 24. The second arm 
24 of each clamp 20 also includes a passage therethrough, through which a second rail 38 
passes. In this way, each second arm 24 is substantially restricted to travel in a direction 

15 substantially parallel to the centerlines of the rails 38. Alternately, the arms 22, 24 are 
connected to the rails 38 in a different way. For example, the first arm 22 may be 
substantially restricted to travel in a direction substantially parallel to the centerlines of 
the rails 38, while the second arm 24 is free to rotate about the centerline of one of the 
rails 38. 

20 Optionally, the first arm 22 of each clamp 20 includes a slot 42 defined therein. A 

slot 42 may be provided on one or both sides of the first arm 22. The slot 42 is positioned 
on the first arm 22 such that, when the clamp 20 is in a closed position, the slot 42 
engages a corresponding peg (not shown) on the second arm 24. Alternately, the slot 42 
engages one of the rails 38. In this way, the slot or slots 42 align the arms 22, 24. The 

25 slot 42 includes a portion having a diameter substantially the same as the corresponding 
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peg, and a portion sized slightly narrower than the diameter of that peg, such that the slot 
42 does not completely engage the peg until pressure is applied in order to force the 
narrow portion of the slot 42 over the diameter of the peg. Alternately, the slots 42 do not 
include narrow areas, and only loosely engage the peg. 

A clamping lever 44 may also be connected to each clamp 20. Referring also to 
FIG. 6, the clamping lever 44 rotates around a pin 46 or other structure within the first 
arm 22 of each clamp 20. An interface structure 48 extends out of the first arm 22, such 
that a user can contact the interface structure 48 by hand or using a tool such as a forceps 
in order to rotate the clamping lever 44 around the pin 46. The clamping lever 44 also 
includes a finger 50. The finger 50 is spaced apart from the pin 46, such that a space 52 is 
present in the clamping lever 44 between the finger 50 and a portion of the clamping lever 
44 adjacent to the pin 46. The space 52 is sized to accept a rail 38 of the jig 36. As the 
clamping lever 44 is rotated relative to the pin 46 in the direction R, the finger 50 moves 
relative to the rail 38, such that the rail 38 enters the space 52. The rail 38 may ride along 
an inner surface 56 of the finger 50 for at least a portion of the rotation of the clamping 
lever 44. The inner surface 56 may additionally have a varying radius along its length 
relative to the pin 46, such that the finger 50 contacts and exerts increasing force on the 
rail 38 during its rotation. As the clamping lever 44 continues to rotate, the rail 38 
contacts a detent 54 on the inner surface of the finger 50. Contact between the detent 54 
and the rail 38 exerts a force on the rail 38 in the direction toward the pin 46. The 
clamping lever 44 continues to rotate relative to the pin 46 such that the detent 54 passes 
across the rail 38 and the rail 38 is received into a pocket 58 adjacent to the detent 54. 
The detent 54 prevents the clamping lever 44 from rotating back in a direction opposed to 
the direction R, such that the clamping lever 44 holds the rail 38 firmly. Additionally, the 
radius of the inner surface 56 of the finger 50 relative to the pin 46 may be less at the 
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pocket 58 then at the end of the finger 50. The rail 38 and the pin 46 are thus pressed 
together. Because the pin 46 is connected to the first arm 22, the first arm 22 is pressed 
downward toward the rail 38, and thus pressed into the second arm 24 to ensure firm and 
secure engagement. The pocket 58 is shaped such that the clamp 20 may still translate 
5 along the rails 38 even after the arms 22, 24 are securely clamped together. After the 

pocket 58 has received the rail 38, the clamping lever 44 may be characterized as being in 
a locked configuration. The clamping lever 44 may be constructed such that, in the 
locked configuration, the interface structure 48 contacts or moves into proximity to the 
surface of the clamp 20. 
10 A handle 60 is configured to move the clamps 20 closer to one another along the 

jig 36. After the tissue structures 2, 4 have been clamped down in the clamps 20 and the 
fl| flaps 8 have been secured by the clips 34, as described above, the user may actuate the 

ill handle 60. The handle 60 may be any structure, mechanism or combination thereof that 

y is capable of moving the clamps 20 together along the jig 36. As one example, each 

i w 

|g 15 clamp 20 is connected to a leg 62 of the handle 60. The legs 62 are connected to one 
|y another via a pin 64 or other structure or mechanism. The legs 62 are free to pivot about 

the pin 64. The handle 60 may include one or more user interface features 66 such as 
grips. These user interface features 66 may be engaged by hand, by forceps, or by other 
user input. Alternately, the handle 60 may be shaped differently, or have different or 
20 additional components. Alternately, the handle 60 is not used. For example, the clamps 
20 may be moved together manually, such as by hand or by forceps. As another example, 
the clamps 20 may be biased together, such that removal of a stop (not shown) or other 
structure allows the clamps 20 to move together along the jig 36 without the use of a 
handle 60. Additional or different structures and/or mechanisms may be used to bring the 
25 clamps 20 together along the jig 36, 
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To perform anastomosis between the tissue structures 2, 4, the user actuates the 
handle 60, squeezing the proximal ends of the legs 62 closer together. The legs 62 begin 
to pivot relative to one another about the pin 64, thereby causing the distal ends of the 
legs 62 to move closer together. The motion of the legs 62 closer together causes the 
clamps 20 to move closer together along the rails 38 of the jig 36. The legs 62 are 
mounted to the clamps 20 in such a way as to translate the clamps 20 smoothly along the 
rails 38. A linkage (not shown) or a flexible segment may be used at the interface 
between at least one leg 62 and the corresponding clamp 20. In this way, the radius of 
travel of the distal end of at least one leg 62 relative to the pin 64 is converted to 
substantially linear motion of the corresponding clamp 20. Alternately, a cam mechanism 
or other mechanism may be used to produce the same substantially linear motion of the 
clamp 20 from the actuation of the handle 60. Referring also to FIG. 7, one leg 62 may 
be mounted to a clamp 20 that is fixed to the jig 36, so that it does not translate along the 
rails 38. Thus, that clamp 20 remains substantially stationary relative to the jig 36, and no 
linkage or flexible segment is needed to connected that leg 62 to the clamp 20. 
Alternately, that clamp 20 is not fixed to the jig 36 and the pin 64 is positioned 
substantially along the longitudinal centerline of that clamp 20. 

Optionally, at least one alignment boss 68 is defined on or connected to at least 
one clamp 20. Each alignment boss 68 is a substantially cylindrical structure extending 
outward from the contact surface 37 of the first arm 22 of one clamp 20 toward the first 
arm 22 of the other clamp 20. However, one or more of the alignment bosses 68 may be 
shaped differently. Advantageously, two alignment bosses 68 are provided on the first 
arm 22 of one clamp 20. The other clamp 20 includes at least one corresponding boss 
receiver 70. Each boss receiver 70 is shaped to correspond to the shape of the outer 
surface of each alignment boss 68. Thus, where the alignment bosses 68 are substantially 
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cylindrical, the boss receivers 70 are substantially cylindrical depressions, each having a 
diameter slightly larger than the outer diameter of the corresponding alignment boss 68. 
As each alignment boss 68 is received into the corresponding boss receiver 70, the close 
fit therebetween causes the two clamps 20 to align more closely. In this way, the distal 

5 ends 26, 28 of each clamp 20 are brought into close alignment with the distal ends 26, 28 
of the corresponding clamp 20. Thus, the flaps 8 are registered together as they are 
brought into contact with one another. Alternately, at least one alignment boss 68 is 
positioned on the second arm 24 of at least one clamp 20 such that one of the rails 38 
extends through the lumen of the alignment boss 68. Thus, the outer diameter of the 

10 alignment boss 68 is larger than the diameter of the rail 38. Alternately, rather than being 
tubular structures, the alignment bosses 68 are shaped differently, while still having a 
lumen therethrough to accept the rail 38. Alternately, each clamp 20 includes an 
alignment boss 68, where each alignment boss 68 is associated with a different rail 38. 



Q In another embodiment of the tool 30, the jig 36 is not used. Rather, each clamp 

H I 

til 15 20 is connected to a leg 62 of the handle 60. Alignment and registration of the clamps 20 



relative to one another is provided by at least one alignment boss 68 and corresponding 
boss receiver 70. Thus, when the clamps 20 approach close enough to one another, each 
boss receiver 70 receives the corresponding alignment boss 68. As described above, the 
interface between each alignment boss 68 and corresponding boss receiver 70 aligns and 

20 registers the clamps 20 relative to one another. Where the jig 36 is not used, the arcuate 
motion of the distal end of each leg 62 of the handle 60 need not be converted to linear 
motion along the jig 36. In this way, construction of the tool 30 may be simplified. 

Motion of the handle 60 and the clamps 20 stops when the flaps 8 contact one 
another, and the clamps 20 thus cannot move substantially closer to one another. This 

25 configuration of the anastomosis tool 30 may be referred to as the deployment position. 
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In the deployment position, the contact surfaces 37 may be spaced apart from each other a 
small distance, due to the thickness of each flap 8. Alternately, the contact surface 37 of 
one clamp 20 may contact the contact surface 37 of the other clamp 20. The clamps 20 
are not affirmatively locked together; rather, continued actuation of the handle 60 holds 
5 the clamps 20 together after the flaps 8 contact one another. Alternately, a locking 
mechanism (not shown) holds the clamps 20 together after the flaps 8 are brought into 
contact with one another. The locking mechanism may be a component of one or more 
clamps 20, of the jig 36, or may be a separate component used to hold the clamps 20 
together. 

10 In the deployment position, the flaps 8 are in a mating configuration. That is, each 

flap 8 on the first tissue structure 2 is pressed against a corresponding flap 8 on the 
corresponding tissue structure 4. Where the tissue structures 2, 4 are blood vessels, the 
mating surface of each flap 8 is a portion of the intimal lining of that blood vessel, and the 
flaps 8 are pressed together such that their intimal surfaces contact one another. After the 

15 flaps 8 are brought together, they are connected to one another. At least one clamp 20 
includes one or more connector deployers 72. The connector deployers 72 are structures 
or mechanisms for deploying connectors 74 into the flaps 8 to connect them together. 
The connectors 74 are staples. Alternately, the connectors 74 are any other connectors, 
fasteners, structures or mechanisms useful for connecting the flaps 8 of the first tissue 

20 structure 2 to the flaps 8 of the second tissue structure 4. One example of a connector 
deployer 72 is an opening in a clamp 20, with a connector 74 held adjacent to that 
opening, such as by a friction fit. Other mechanisms may be used as connector deployers 
72. A connector receiver 76 may be provided opposite one or more of the connector 
deployers 72 on the other clamp 20. For example, if the connectors 74 are staples, then 

25 the connector receivers 76 are staple-forming surfaces configured to bend the staples into 
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a configuration in which they hold mating flaps 8 together. The connector receivers 76 
may be shaped differently, and may be omitted altogether, depending on the 
characteristics of the connector 74 that is utilized. Advantageously, connector deployers 
72 are provided in a single clamp 20, in order to simplify their actuation. However, 
connector deployers 72 may be placed in more than one clamp 20, if desired. Referring 
also to FIGS. 1 and 5, connector deployers 72 are located on each arm 22, 24 of at least 
one clamp 20. By providing connector deployers 72 on each arm 22, 24, connectors 74 
can be deployed around the lumen 10 of each tissue structure 2, 4. That is, connectors 74 
can be deployed through the flaps 8 of the tissue structures 2, 4 such that they are placed 
substantially evenly around the circumference of the lumen 10 of each tissue structures 2, 
4. Alternately, the connector deployers 72 can be positioned differently within the arms 
22, 24 of at least one clamp, as long as such a position allows the flaps 8 to be connected 
together securely and substantially without leakage. Alternately, the connector deployers 
72 do not deploy physical connectors, but rather apply energy or otherwise manipulate the 
flaps 8 to connect them. Such connector deployers 72 may be tissue-welding electrodes, 
waveguides, or mechanisms for delivering adhesive. 

Referring to FIG. 7, at least one actuator 78 is connected to at least one leg 62 of 
the handle 60. Each actuator 78 is constrained to move within a channel 80 within each 
arm 22, 24 in which connector deployers 72 are placed. After the flaps 8 of the tissue 
structures 2, 4 have been brought together, at least one leg 62 continues in its motion, or 
otherwise causes the actuator 78 to move. The actuator 78 is a piece of material that fits 
within the channel 80, and which is shaped at its distal end in such a way as, when it is 
urged distally, to cause the connector deployers 72 to deploy connectors 74. As one 
example, the distal end of the actuator 78 is curved or angled relative to connectors 74 
that extend at least partially into the channel 80 before they are deployed. In this 
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example, the connector deployers 72 are simply passages between the channel 80 and the 
contact surface 37 of the clamp 20. As the leg 62 continues to move as the handle 60 is 
compressed, the leg 62 urges each actuator 78 distally along the channel 80. The distal 
end of each actuator 78 engages each connector 74 in the arm 22, 24, serially pushing 
5 each connector 74 out of the channel through the corresponding passage of the connector 
deployer 72. As the distal tip of the actuator 78 passes by each connector deployer 72, 
the full width of the actuator 78 passes through the channel 80 and presses against the 
connector 74, forcing it out of the connector deployer 72. Where the connectors 74 are 
staples, this force presses the connectors 74 against corresponding connector receivers 76, 
10 causing them to bend and thus connect the mated flaps 8 together. Other actuators 78 
may be used instead. Further, where connector deployers 72 are provided in more than 
in one clamp 20, an actuator 78 is provided in each clamp 20. The actuators 78 need not 

Iff have the same configuration or construction in each clamp 20. 

13 As described above, at least one leg 62 may includes a linkage or flexible portion 

!!! 

W 15 to allow the end of the leg 62 to rotate through an arc relative to a pin 64 while at the 

m 

3 same time translating the connected clamp 20 in a linear direction. As seen in FIG. 7, 

such a linkage may include a pin 82 connected to the leg 62, where that pin 82 is 
moveable through a slot 84 in the clamp 20. When the clamps 20 are pressed together, 
the leg 62 continues to move, continuing to urge the pin 82 along the slot 84, where that 
20 pin 82 engages the actuator 78 and causes the connectors 74 to deploy. The linkage or 

flexible element connecting the leg 62 to the clamp 20 may be configured to allow the pin 
82 to move along the slot 84. Alternately, an additional linkage or element may be 
provided to allow the pin 82 to move along the slot 84 as the handle 60 continues to be 
compressed or otherwise actuated. Thus, a continued smooth motion of the handle 60 
25 brings the flaps 8 of the tissue structures 2, 4 together and deploys the connectors 74 into 
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them. 

After the connectors 74 have been deployed, the tissue structures 2, 4 are 
connected together, as shown in FIG. 8. The flaps 8 of the first tissue structure 2 have 
been connected to the flaps 8 of the second tissue structure 4 with at least one connector 
5 74. As shown in FIG. 8, a number of connectors 74 have each penetrated one flap 8 of 
the first tissue structure 2 and an abutting flap 8 of the second tissue structure 4. 
Advantageously, the connectors 74 are spaced apart from one another a distance 
comparable to the distance between stitches in a sutured anastomosis. The flaps are then 
freed from the clips 32. A tissue knife (not shown) may be used in conjunction with each 
^ 10 clip 32 to free the associated flap 8, as well as to cut excess flap tissue away from the 

H anastomosis. Each tissue knife is a cutting structure or mechanism that does not engage 

& 
hi 

fu the flaps 8 until the connectors 74 have been deployed. As each actuator 78 is urged 

W 

|jf distally, it engages the corresponding tissue knife, such that the actuator 78 causes the 

O tissue knife to cut through the flaps 8, cutting the flaps 8 completely free of the clips 32 

fU 15 after the connectors 74 have all been deployed. As one example, a slot (not shown) on 

m 

the contact surface 37 of each clamp 20 is located under each flap 8, and a tissue knife is 
deployed out of and along each such slot in order to cut the corresponding flap 8. 
Alternately, a structure or mechanism other than the actuator 78 may be used to activate 
the tissue knives. Alternately, the tissue knives are not used, and a forceps or other tool is 

20 used to lift the clips 32 from their closed positions and free the flaps 8. 

Referring also to FIG. 5, a passage 86 optionally may be defined through the 
contact surface 37 of each arm 22, 24. A finger (not shown) extends through adjacent 
pairs of passages 86. The finger transmits the motion of the actuator 78 or other 
mechanism from one arm 22, 24 to the adjacent arm 22, 24 in the other clamp 20 in order 

25 to actuate the tissue knives in that clamp 20. That is, motion of each actuator 78 is 
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transmitted to a corresponding finger, which moves through the corresponding passage 86 
in one arm 22, 24 to actuate the corresponding tissue knife in the other arm 22, 24. 
Alternately, the passages 86 are not provided, and the tissue knives in the other clamp 20 
are actuated with a mechanism within that clamp 20. The clamping levers 48 are then 
rotated out of their locked configuration, and the arms 22, 24 of each clamp 20 separate to 
allow the connected tissue structures 2, 4 to be freed easily from the tool 30. 

Although the tool above has been described in the context of microvascular 
anastomosis, the tool also may be used to perform end-to-end anastomosis between 
hollow tissue structures other than small-diameter blood vessels, such as larger blood 
vessels, intestinal segments, ducts such as the bile duct, and other hollow tissue 
structures. The tool may also be used to perform end-to-end connections between solid 
tissue structures such as muscles, tendons and nerves, particularly solid tissue structures 
having a small cross-section. Flaps can be created at the end of such solid structures as 
described above, and those solid structures can be connected end-to-end by those flaps in 
the same manner as described above. Additional or different fasteners may be used to 
connect such flaps to ensure that the solid structures are firmly connected to one another. 

While the invention has been described in detail, it will be apparent to one skilled 
in the art that various changes and modifications can be made and equivalents employed, 
without departing from the present invention. It is to be understood that the invention is 
not limited to the details of construction and/or the arrangements of components set forth 
in the above description or illustrated in the drawings. Therefore, the invention is not to 
be restricted or limited except in accordance with the following claims and their legal 
equivalents. 
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